Autochthonous human cases of leishmaniasis in the United States are uncommon. We report three new cases of cutaneous leishmaniasis and details of a previously reported case, all outside the known endemic range in Texas. Surveys for enzootic rodent reservoirs and sand fly vectors were conducted around the residences of three of the casepatients during the summer of 2006; female Lutzomyia anthophora sand flies were collected at a north Texas and southeast Oklahoma residence of a case-patient, indicating proximity of a suitable vector. Urban sprawl, climatologic variability, or natural expansion of Leishmania mexicana are possible explanations for the apparent spread to the north and east. Enhanced awareness among healthcare providers in the south central region of the United States is important to ensure clinical suspicion of leishmaniasis, diagnosis, and appropriate patient management.
INTRODUCTION
The leishmaniases are a complex of parasitic diseases that cause significant health problems on almost all continents. Clinically, there are three major syndromes, cutaneous, mucocutaneous, and visceral, depending largely on the species of Leishmania involved and immune response of the human host. With the apparent exception of the Indian subcontinent, most transmission cycles are zoonotic, with many species of rodents, wild and domestic canids, and a variety of other mammals serving as reservoir hosts and phlebotomine sand flies acting as vectors. 1 Autochthonous human cases of leishmaniasis in the United States are uncommon, with only 29 cases reported from approximately 1903 through 1996. 2 All were in Texas, primarily in the southern and central areas of the state. In 2000, Maloney and others diagnosed a case acquired in Brenham, Texas, which is well east of previous cases. 3 More recently, Wright and others summarized a cluster of nine cases in the Dallas-Fort Worth metroplex and surrounding counties, well to the east-northeast of the northernmost case previously reported in Albany, Texas. 4 Clinically, most cases had 1-5 localized cutaneous lesions of a few months duration. Specific identification using isoenzyme analysis and/or polymerase chain reaction (PCR) was performed on 10 of these 39 cases; all were determined to be Leishmania mexicana.
In the United States, L. mexicana exists as a zoonosis, with three species of woodrats, Neotoma micropus, Neotoma albigula, and Neotoma floridana, serving as reservoir hosts. [5] [6] [7] [8] [9] Based on laboratory transmission studies and the isolation of L. mexicana from field-collected specimens, Lutzomyia anthophora sand flies, a nest associate of woodrats, is the only known enzootic vector of L. mexicana in the United States. [10] [11] [12] Both of these reservoir and vector species are nocturnal.
We report three additional cases of cutaneous leishmaniasis in humans who had no foreign travel history. We also present details of a previously reported case that extend the known range of human disease in the United States and the results of field surveys to document the enzootic cycle, and suggest explanations for the apparent expansion of the geographic range of human disease.
CASE REPORT

Case 1. A 26 year-old man from a small community in
McCurtain County in southeastern Oklahoma first noted a lesion on the periorbital area of his right cheek in December 2003. In January 2004, he sought medical care from a local physician, who excised the entire lesion measuring 1.0 + 0.7 + 0.4 cm and submitted the tissue to a pathologist in Oklahoma City. The pathologist noted that an infectious process was likely, but initially ruled out Leishmania, acidfast, and fungal organisms. Histopathologic findings were revisited by the pathologist when a similar case (case 3) was evaluated from the same community. A secondary review at the Centers for Disease Control and Prevention (CDC) (Atlanta, GA) confirmed a diagnosis of leishmaniasis, the first known from the state. The case-patient received no antiparasitic treatment and there has been no recurrence. Casepatient 1 participated in an initial interview but did not allow access to his property for an ecologic survey.
Case 2. In June 2005, a 74 year-old woman from Lamar County, Texas, noted an inflammatory nodule on her left eyelid, for which she sought ophthalmologic care the next month. When she returned for follow-up 10 days later, the lesion had crusted with a central scab and measured 1.0 + 1.5 cm on an excisional biopsy specimen. The biopsy tissue was sent to the Texas Department of State Health Services Laboratory where leishmaniasis was diagnosed by histopathologic examination. Treatment consisted of heat packs applied to the affected area.
The residence of case-patient 2 was in a rural area a few miles south of Paris, Texas. Vegetation in the area consisted of mixed hardwoods and pasture. Piles of debris and many abandoned vehicles were observed near the house, and there were several unused chicken coops containing loose feed and two enclosures with chickens near the rear of the house. excised and submitted to the same pathologist who performed the histopathologic evaluation for case-patient 1. The pathologist noted the presence of intracytoplasmic organisms suggestive of Leishmania. Recalling that case-patient 3 lived in the same small community as case-patient 1, he retrieved the slides for case-patient 1 for another review and reconsidered cutaneous leishmaniasis. He then contacted the Oklahoma State Department of Health (OSDH) to report two suspected cases of cutaneous leishmaniasis. Slides from the Oklahoma cases were submitted to the CDC for diagnostic review; the presence of Leishmania organisms was confirmed in tissue biopsy specimens from each case-patient.
Case-patient 3 resided on a large lot that housed several horses, and included a corral, barns, sheds, and outbuildings. An ornamental pond was located near the home. A woodlot of hardwoods adjoined the property. His extended family lived on a nearby lot where his granddaughter raised rabbits. Case-patient 3 was retired, but remained actively involved in rearing cattle on three parcels of land located a few miles from his residence.
Case 4. This case was patient 9 in the report of Wright and others, 4 which they reported from Tarrant County, Texas. In December 2005, an elementary school-age girl from Collin County, Texas, showed development of three skin lesions, two facial and one upper extremity. Medical care began in January 2006, and included topical and oral antibiotics, topical antifungal drugs, and topical corticosteroids, but no clinical improvement was noted. A biopsy in April 2006, yielded a histopathologic diagnosis of leishmaniasis and a specific determination of L. mexicana was made by culture at the CDC. Screening by PCR using forward primer 13A and reverse primer M1.1 9 confirmed that the parasites belonged to the L. mexicana complex.
The residence of case-patient 4 was built in 2001 and was located in an urban-rural interface in one of the fastest growing counties in Texas approximately 38 miles north of Dallas. It is on a lot measuring approximately 5 acres with a dry creek bed bordered by mixed hardwoods and surrounded by fields planted to cotton. Domestic animals and livestock on the property included a small dog, two cats, and longhorn cattle that graze in the creek bed. Large rodent burrows were observed along the creek bed. An animal enclosure containing rabbits, sheep, and goats was also located near the residence.
Surveillance for additional human cases. were set near burrows or other likely rodent habitat at four locations: the residence and adjacent pastures of case-patient 3, the residence of case-patient 2, two pastures belonging to case-patient 2, and a barn and adjacent riparian bottomland along the Red River during June [12] [13] [14] [15] [16] 2006 . The primary species of interest were the eastern woodrat, N. floridana, and the hispid cotton rat, Sigmodon hispidus, an incidental host of L. mexicana in the Yucatan Peninsula and a species commonly found in pastureland. A total of only 13 rodents were captured. A single N. floridana was collected in the barn near the Red River in Lamar County. The remaining rodents were house mice, Mus musculus and mice in the genus Peromyscus. No S. hispidus were collected. The woodrat was negative by PCR for Leishmania using the genus-specific primers 13A and 13B. 13 Sand fly collections. On the same dates in mid-June, 31 incandescent light traps (Model 1012; John W. Hock Co., Gainesville, FL) and blacklight traps (Model 1212; John W. Hock Co.) were set on the residential property of the four case-patients to survey for sand flies. Light traps were placed near residences, either near favorable rodent habitat or near domestic animal locations (rabbits, chickens, horses), to collect sand flies. No traps were placed inside homes. The vector traps were operational throughout the night with insect collections retrieved the next morning. Sand flies were identified by using the key of Young and Perkins. 14 A single female Lu. anthophora was collected at a rabbit hutch near the residence of case-patient 3.
A total of 12 ABC light traps (Clarke Mosquito Control, Roselle, IL) were placed at the residence of case-patient 4 in Collin County on three separate nights (June 28, July 12, and September 19, 2006) . A total of 23 sand flies were collected during the three nights: 3 female Lu. anthophora, 12 female and 1 male Lutzomyia vexator, and 7 female Lutzomyia spp., which were probably Lu. vexator.
DISCUSSION
In the United States, there appears to be a trend of diagnosing human leishmaniasis with increasing frequency. From 1903 through 1996, only 29 cases were reported. For the eightyear period from 2000 through 2007, an additional 13 cases have now been diagnosed.
There also appears to be a northeasterly geographic trend in the occurrence of human cases (Figure 1 ). The first recognized case in the United States was in a 64 year-old woman given a diagnosis of leishmaniasis in the late 1960s, but who probably acquired the infection in approximately 1903 at San Benito in Cameron County, the southernmost county in Texas. 15 A second case in Alice, Texas, approximately 130 miles further north, was acquired in early 1942. 16 During the 1970s and 1980s, cases were diagnosed around San Antonio, west to Uvalde, Texas, and south to northern Mexico. [17] [18] [19] [20] [21] [22] [23] In 1988, a case was reported in the central Texas city of Brownwood and in 1992 in nearby Brookesmith. In November 1994, the northernmost case to that date was recognized in Albany, Texas. Until that time, all reported cases were within the range of the southern plains woodrat N. micropus. The four cases in northeastern Texas and southeastern Oklahoma represent a further expansion of autochthonous human leishmaniasis to the north and east. From the nearest case in Collin County, Texas, the case in Lamar County was approximately 75 miles away. The two cases in southeastern Oklahoma were approximately 58 miles from the case in Lamar County, Texas. All of these newly reported cases are in the range of N. floridana.
Our findings in this report were limited by the fact that diagnostic testing for case-patients 1-3 was based on histopathologic analysis alone. Although culture or PCR testing to identify Leishmania species were not obtained, the clinical presentation, epidemiology, and outcome of these cases is consistent with L. mexicana infection. Another limitation was the inability to document L. mexicana in a rodent or sand fly specimen collected in the relative vicinity of the likely exposure of the case-patients. The geographic distribution of Leishmania is known to be highly focal, both spatially and temporally, and the timing of our epidemiologic investigation was delayed by several months to a few years from each case's exposure period, and mismatched to the seasonality of L. mexicana transmission.
Pavlovsky discussed factors that determine the distribution and spread of zoonotic diseases, including a number that are rodent-borne, in the former Soviet republics. 24 More recently, Shaw reviewed reasons for the increase in human cases of leishmaniasis worldwide. 25 Of the factors these authors cite, the increasing frequency of diagnoses and expansion in geographic range in the southern United States may have at least three explanations: increased clinical suspicion; human intrusion into established foci; or introduction of one or more missing components, reservoir, vector, or pathogen, of the enzootic cycle.
It is unlikely that increased clinical suspicion contributed to the recognition of the reported cases, but it cannot be ruled out. A diagnosis of leishmaniasis for case-patient 1 was delayed for more than one year and would have been dismissed entirely if not for the serendipitous occurrence of case-patient 3 in the same Oklahoma community and biopsy evaluation by the same pathologist. Although heightened clinical awareness may be anticipated among physicians in Texas, disease occurrence is rare. Case-patient 4 received multiple treatment modalities before a diagnosis of cutaneous leishmaniasis was made.
Increased exposure to the parasite could result from human intrusion into environments in which it exists. This factor may account for case-patient 4 in our series. The residence of this case-patient was built in 2001 on what formerly was farmland with a limited area of riparian forest. This region is an area of rapid urban development, but with a trend to preserve the natural surroundings and eco-systems around the homes. The long-standing presence of riparian vegetation, suitable habitat for N. floridana, and the collection of Lu. anthophora and Lu. vexator in the immediate vicinity suggests that this was an established enzootic focus of L. mexicana transmission.
In the absence of urbanization, increased contact could occur by creating environmental conditions that draw the enzootic cycle into peridomestic surroundings. Case-patients 2 and 3 may be representative. Both of the residences of these case-patients were in areas experiencing little or no growth and with stable habitat. Case-patient 2 had extensive debris piles and discarded vehicles that are attractive harborage for woodrats around the residence. In addition, there were suitable blood meal hosts for Lu. anthophora near both case-patient residences. At the home of case-patient 2, there were chickens near the house. McHugh and others reported the presence of domestic fowl at other case residences in southern Texas. 2 Case-patient 3 had a rabbit in a hutch near the residence and the only female Lu. anthophora collected during the mid-June surveys was trapped at the hutch. The presence of rabbits at residences of case-patients has been noted. 2 Increased contact could also occur if resident populations of hosts and/or vectors were drawn to peridomestic habitats during periods of environmental stress, such as drought conditions. In Colombia and Brazil, drought has been found to accompany increased numbers of human leishmaniasis cases. [26] [27] [28] In the six months preceding the onset of our four cases, average monthly rainfall was decreased compared with the 30-year historic averages. Six-month precipitation departures ranged from 5.80 inches (case-patient 2) to 13.86 inches (case-patient 4) below the expected rainfall for the respective location. Three of the four case-patients had symptom onsets during June-December 2005. In a 2008 report, the National Weather Service described 2005 as the second driest calendar year on record for southeastern Oklahoma. The effects of climatic conditions on Lu. anthophora are unknown. However, Bradley and others documented a decrease in populations of N. micropus in response to drought and a rapid recovery to pre-drought levels once rainfall returned to normal levels. 29 A similar decrease in populations of N. floridana may also result from drought conditions. As rodent hosts become less available, sand flies may potentially seek blood meals from novel or nonpreferred sources, such as humans or peridomestic animals.
Climatic factors may also lead to shifts in the range of vector and reservoir species. Analyses by Gonzalez and others 30 using ecological niche models of sand fly vectors and Neotomae rodent reservoirs predict that the range of all confirmed vector and reservoir species of L. mexicana will continue a northward expansion outside of its present range spurred by climate change. As a result of this expansion, the numbers of persons exposed to L. mexicana will increase. 30 The introduction and spread of mosquito vectors such as Aedes albopictus in North America are well documented. 31 Unfortunately, the historic and present distribution of sand flies is imperfectly known and probably reflects more the distribution of collectors than of the flies. Until 1995, Lu. anthophora was believed to have a distribution limited to southern and western Texas. 14, 32 The collection of Lu. anthophora near Tucson was an extension of its range of over 528 miles to the west-northwest. 33 The Lu. anthophora collected near the residence of case-patient 4 in Collin County are approximately 290 miles from the nearest previously known collections near San Antonio, Texas. They represent a new county record, but because this was the first attempt at collection in the county, it does not necessarily mean they are new to the area. Likewise, the collection of Lu. vexator is a new county record, but this species was previously collected in central Oklahoma. The collection of the single Lu. anthophora female in McCurtain County, Oklahoma, represents a new county and state record. The findings of our vector surveys serve to establish the presence of a suitable vector for leishmaniasis in the vicinity of the cases; however, the trapping yield was low. Another limitation was the length of time that elapsed between the likely period of exposure of case-patients and timing of the insect trapping.
Although the contributing ecologic factors for emergence of L. mexicana into a new geographic focus cannot be elucidated, it is clear that awareness among the medical and public health sectors in the south central region of the United States needs to be enhanced. The location of the cases in southeastern Oklahoma is only a short distance from Arkansas and Louisiana, and the potential for expansion of L. mexicana in northerly and easterly directions exists. Increased public health surveillance is desirable to further monitor the emergence of autochthonous leishmaniasis. Leishmaniasis is not on the list of nationally reportable conditions. Diagnosis of leishmaniasis is reportable to public health authorities in Texas, but not in Oklahoma.
Physicians need to be aware of the possibility of cutaneous leishmaniasis in soldiers and travelers returning from diseaseendemic countries, as well as residents of Texas, Oklahoma, and surrounding areas. The CDC offers diagnostic laboratory support and a Practical Guide for Laboratory Diagnosis of Leishmaniasis is accessible on the CDC web site. 34 The choice of treatment depends on the Leishmania species, number, size and location of cutaneous lesions, and the presence of any underlying immunosuppressive conditions. Localized cutaneous leishmaniasis is not a life-threatening condition. Therefore, therapy selection needs to balance the degree of morbidity against the potential side effects of treatment options. Treatment regimens recommended by the CDC and the World Health Organization for L. mexicana include local therapy options of topical paramomycin, thermotherapy or intralesional administration of pentavalent antimonial drugs, or oral treatment with ketoconazole or miltefosine. 35, 36 Whenever leishmaniasis is suspected or diagnosed in a resident of the United States who does not have foreign travel as a risk factor, healthcare providers are encouraged to contact their local or state health department for epidemiologic investigation.
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